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We study resonant energy transfer in a one-dimensional chain of two to five atoms by analyzing
time-dependent probabilities as function of their interatomic distances. The dynamics of the system
are first investigated by including the nearest-neighbour interactions and then accounting for all next-
neighbour interactions. We find that inclusion of nearest-neighbour interactions in the Hamiltonian
for three atoms chain exhibits perdiocity during the energy transfer dynamics, however this behavior
displays aperiodicity with the all-neighbour interactions. It shows for the equidistant chains of four
and five atoms the peaks are always irregular but regular peaks are retrieved when the inner atoms
are placed closer than the atoms at both the ends. In this arrangement, the energy transfer swings
between the atoms at both ends with very low probability of finding an atom at the center. This
phenomenon resembles with quantum notion of Newton’s cradle. We also find out the maximum
distance up to which energy could be transferred within the typical lifetimes of the Rydberg states.
I. INTRODUCTION
Due to the peculiar nature, investigation of proper-
ties of Rydberg atoms have drawn attention in many
branches of physics for decades. These atoms have one
or more than one high-lying states with exaggerated re-
sponses to external electric and magnetic fields [1, 2].
Lifetimes of these highly-excited electronic states are very
long compared to a normal state in an atomic system and
their wave functions can be described by the Bohr model
of a hydrogen atom. Knowledge of lifetimes of Rydberg
states can be useful to understand astrophysical obser-
vations in the interstellar space [3] and new interactions
of particle physics [4]. These atoms are also suitable for
investigating diamagnetic effects [5], plasma properties
[6], quantum information technologies [7] etc. It has been
of immense interest to fathom the interactions between
the Rydberg atoms via collision processes owing to large
sizes and dipole moments of these atoms [8, 9]. To inves-
tigate this, experiments were conducted initially at the
room temperature. In such case the kinetic energies of
the atoms are much larger than their interaction ener-
gies, so the interactions were treated as perturbation to
the thermal motion of the atoms [8, 9]. However with
the advent of laser cooling and trapping techniques of
atoms, it has enabled today to get deeper insights of the
underlying interactions among the cold Rydberg atoms.
These atoms provide ideal platforms to perform both the
experiments and theoretical studies to investigate possi-
ble exotic phenomena exhibiting within the systems. On
the other hand, there have been attempts to invent quan-
tum analogue of Newton’s cradle, in which one observes
nearly loss-less energy transfer between the first and last
member of a hanging chain of metal balls that periodi-
cally swing with the central members staying still. A few
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of these studies include spin chain systems [10–12] and
optical lattice systems [13].
A particularly rewarding point in the detection of
strong interactions between the Rydberg atoms is that
the strength and characteristics of the interactions can be
controlled experimentally. In case of sufficiently strong
interactions among the atoms, they can create entangled
states with the surrounding atoms and behave in a col-
lective fashion. Such states are of particular interest in
the context of proposed schemes for quantum informa-
tion processing and for realizing fast quantum gates [7].
The other important aspect of interparticle interactions
is to study the phenomenon of resonant energy transfer
(RET) where the state of one atom can greatly influence
the other by exchanging their internal energies. Inter-
actions between the Rydberg atoms can be studied in
the presence or absence of electric field [14–16]. In the
region of a high electric field, the atoms can acquire an in-
duced dipole moment and thus, they can interact strongly
like classical electric dipoles (interaction energy scales as
R−3, where R is the interatomic distance between the
atoms). Subjecting strong electric field to atomic sys-
tems may help in creating strong interactions among the
atoms, but it can unnecessarily bring in additional per-
turbative quantum effects. This can alter the original
physical properties of the atoms completely. Therefore, it
is not advisable to use strong electric fields to study inter-
actions of Rydberg atoms. In the absence of the electric
field, interactions among the Rydberg atoms can be en-
hanced by choosing energetically degenerate transitions
between the specific atomic states. In this situation two
types of resonant processes can commonly occur; namely
the “Fro¨ster” process and the “migration” process. In
the Fro¨ster process initially two Rydberg atoms will be
in the same state and they can undergo an energy trans-
fer process in such a way that one atom is transfered
to the energetically lower-lying state while the other is
transfered to the higher-lying state. This process can
be easily seen between two energetically degenerate Ry-
2dberg states. [17, 18]. Natural occurrence of these events
are rare but they can be achieved by tailoring the Ryd-
berg atomic states by introducing small electric field [2].
For an appropriate field strength, two transitions of a
pair of atoms can be energetically degenerate owing to
the Stark effect. In such case the atoms can exchange
energies, which is famously referred to as the RET pro-
cess [18]. The “migration” process [19] on the other hand
is a naturally existing resonant process in which a pair of
states of an atom automatically exchanges energy with
identical pair of states of another atom. Though medi-
ation by the external electric field is not required, but
it necessitates to prepare the atoms in two different Ry-
dberg states. In this exactly RET reaction, one atom
gains exactly the same amount of energy that the other
one loses due to the non radiative dipole-dipole coupling.
The periodic transition of the system between the upper
and lower electronic states of the atoms creates oscillating
dipoles [20]. Since these interactions can govern naturally
without the influence from the external electric field, it
has several advantages to study them. This phenomena
may also be applicable to explain the cascading networks
for complex energy transfer in the biological systems [21–
27]. Due to sufficiently long persistence of these resonant
behaviours in the Rydberg atoms, it is feasible to ob-
serve them experimentally and apply the energy transfer
principle to various domains [28].
In this theoretical investigation, we intend to exam-
ine the atom-atom interactions that are enhanced by the
migration processes for RET in a one-dimensional (1-D)
chain of Rydberg atoms to study their dynamical be-
havior. To gain some understanding about the collec-
tive behavior of these processes, we explore the effects of
all-neighbour interactions among atoms in the 1-D chain
and follow their dynamics by scanning through the in-
teratomic distances between them. We then extend the
investigations further by including two more atoms in
the chain to find out changes in the results. In these
analyses, we have come up with few interesting observa-
tions by varying interatomic distances, e.g. placing inner
atoms closer than the atoms located at both the ends
of a four and five atoms chain. It is observed that with
proper choice of distances between the interior atoms of
the chain, the system is capable of transferring the en-
ergy from the first atom to the last one by absorbing a
negligible amount of energy. Such systems are highly de-
sired due to their potential applications in building up
loss-less quantum channels that can be used to connect
quantum memories [29]
The paper is organized as follows: In Sec. II, theoreti-
cal model adopted to study the interactions between two
Rydberg atoms and the induced dipole-dipole force me-
diated by the migration processes are presented. The nu-
merical results for chains with different number of atoms
are discussed in Sec. III, followed by Conclusion in Sec.
IV.
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FIG. 1. (Color online) Schematics of (a) one-dimensional
chain of five atoms with one atom per lattice and (b) a typical
migration resonant reaction |r′i〉 + |rj〉 ↔ |ri〉 + |r
′
j〉 process
from site i to site j.
II. THEORETICAL MODEL
A chain of Rydberg atoms with one atom per lattice
site, as shown in Fig. 1(a), is undertaken in the present
study. In the actual calculations, these Rydberg states
are identified by their lifetimes and dipole moments. We
choose a hard-core lattice with two-level atom having
lower state |ri〉 of energy Eri = h¯ωri and upper state
|r′i〉 of energy Er′i = h¯ωr′i on the i
th site , as can be seen
in Fig. 1(b). The general Hamiltonian of such a system
with n lattice sites is given by
HA = h¯
n∑
i=1
[
ωri |ri〉〈ri|+ ωr′i |r
′
i〉〈r
′
i|
]
. (1)
In the matrix representation, choosing the kets as
|ri〉 ≡
(
0
1
)
i
and |r′i〉 ≡
(
1
0
)
i
, (2)
we can rewrite the above Hamiltonian as
HA = h¯
n∑
i=1
[
ωriσ
−
i σ
+
i + ωr′iσ
+
i σ
−
i
]
, (3)
such that σ−i and σ
+
i act as the lowering and raising state
operators with the forms
σ−i ≡
(
0 0
1 0
)
i
and σ+i ≡
(
0 1
0 0
)
i
, (4)
3respectively. This follows σ−i |ri〉 = 0, σ
+
i |ri〉 = |r
′
i〉,
σ−i |r
′
i〉 = |ri〉, and σ
+
i |r
′
i〉 = 0.
We intend to investigate energy transfer through the
migration process described by |r′i〉 + |rj〉 ↔ |ri〉 + |r
′
j〉.
To drive the process, we assume the first atom is in the
excited state while the rest are in the lower level by defin-
ing the initial wave function of the composite system as
|ψ(0)〉 =
(
1
0
)
1
⊗
(
0
1
)
2
⊗ · · · ⊗
(
0
1
)
n
, (5)
corresponding to the density operator
ρ(0) = |ψ(0)〉〈ψ(0)|. (6)
An atom at the ith site in the upper level at a given
time, when undergoes a transition, |r′i〉 → |ri〉, produces
an oscillating electric dipole moment by emitting a pho-
ton of energy h¯ω = h¯ωr′
i
− h¯ωri . Because of this phe-
nomena, the atom present at the jth site can experience
an induced electric field. The interaction Hamiltonian
describing this process can be expressed as [20]
Hint =
n∑
i<j
(
H
r′iri;rjr
′
j
ij +H
rir
′
i;r
′
jrj
ij
)
, (7)
where
H
r′iri;rjr
′
j
ij =
〈r′i|~µi|ri〉〈rj |~µj |r
′
j〉
4πǫ0[
(1 − 3 cos2 θ)
(
cos(kRij)
R3ij
+
k sin(kRij)
R2ij
)
−
k2 cos(kRij) sin
2 θ
Rij
]
(σ−i σ
+
j ) , (8)
and similarly for the Hamiltonian H
rir
′
i;r
′
jrj
ij . In this ex-
pression, θ is the angle between the radial distance Rij
and induced electric field among the atoms, k = ω/c is
the wave number of the emitted photon, and the com-
bined operators σ−i σ
+
j indicate that the atom at the lat-
tice site i transits to the ground state and the atom at
lattice site j transfers to the excited state when they act
on the wave function of the system. It is also obvious
from the above expression that it is imperative to have
large transition dipole moments of the Rydberg atoms
for strong interatomic interactions.
Now starting with t1 = 0 for the density operator ρ(0),
the density operator of the system at time tn can be given
as
ρ(tn) = U(tn)ρ(tn−1)U
†(tn), (9)
where U(t) = exp −ιHt
h¯
with the total Hamiltonian H =
HA +Hint. This means for the time-interval ∆t = tn −
tn−1, the rate of change of density operator is given by
dρ(∆t)
∆t
=
dU(∆t)
∆t
ρ(tn−1)U
†(∆t)
+U(∆t)ρ(tn−1)
dU †(∆t)
∆t
. (10)
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FIG. 2. (Color online) Time evolution of 〈ψ(t)|σzi |ψ(t)〉 for
the chain of three atoms with interatomic distance Ri,i+1 =
95 µm. Results including (a) only the nearest-neighbour in-
teractions and (b) all-neighbour interactions are shown. Here
black solid, blue solid and cyan dash-dotted curves are for
the first (i = 1), second (i = 2) and third (i = 3) atom,
respectively.
From this, we can obtain the Liouville’s equation-of-
motion [30] as
ιh¯
dρ(t)
dt
= [H, ρ(t)]. (11)
It, thus, implies that both Eqs. (9) and (11) are equiva-
lent. We use Eq. (9) for convenience to find out evolution
of density of the system over the time. It is also worth
mentioning here that we have not taken into account the
decay rate of the excited state in the above equation.
From the evolution of ρ(tn) over a time period, we
can get signature of energy propagation from one site to
other in the lattice during the migration process. If the
process is truly migration type then it can be quantified
by finding out the chances of an atom being in the |ri〉 and
|r′i〉 on the site i at a given time. To identify this process
quantitatively, we define the atomic inversion operator as
σzi = |r
′
i〉〈r
′
i| − |ri〉〈ri|
= σ+i σ
−
i − σ
−
i σ
+
i . (12)
The expectation value of the above operator,
〈ψ(t)|σzi |ψ(t)〉, can be interpreted as the difference
between the probability of occupation for the |ri〉 state
to the |r′i〉 state on the site i at time t as follows. Let us
express the wave function of the atom on the site i as a
linear combination of both the possible states at a given
time t as |φi(t)〉 = cri(t)|ri〉+ cr′i(t)|r
′
i〉, where cri(t) and
cr′
i
(t) are the probability coefficients of an atom being in
the |ri〉 and |r
′
i〉 states, respectively, such that
|cri(t)|
2 + |cr′
i
(t)|2 = 1. (13)
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FIG. 3. (Color online) Time evolution of 〈ψ(t)|σzi |ψ(t)〉 for
the chain of four atoms. Results (a) with only the nearest-
neighbour interactions and equal distance Ri,i+1 = 95 µm;(b)
considering all-neighbour interactions in the atoms placed
at equal distance Ri,i+1 = 95 µm; and (c) considering
the nearest-neighbour interactions between non-equidistant
atoms with interatomic distances R12 = 42 µm, R23 =
16.8 µm and R34 = 42 µm are shown. Here black, cyan dash-
dotted, magenta dash double-dotted and blue solid curves are
for the first (i = 1), second (i = 2), third (i = 3) and forth
(i = 4) atoms, respectively.
We can now write
|ψ(t)〉 = |φ1(t)〉 ⊗ |φ2(t)〉 ⊗ · · · ⊗ |φn(t)〉. (14)
Using this wave function, it yields
〈ψ(t)|σzi |ψ(t)〉 = Tr[σ
z
i ρ(t)] = |cr′i |
2 − |cri |
2. (15)
Obviously, its value can vary in between −1 to 1 in the
migration process. In other words, at time t if the atom
on the site i is in the |ri〉 state then 〈ψ(t)|σ
z
i |ψ(t)〉 = −1,
and if it is in the |r′i〉 state then 〈ψ(t)|σ
z
i |ψ(t)〉 = 1.
III. RESULTS AND DISCUSSIONS
A. Dynamics of atomic inversion
To understand RET in the migration process, we have
evaluated the dynamics of states via the temporal evo-
lution of the 〈ψ(t)|σzi |ψ(t)〉 values. We would like to
study the transition probability of the |60s〉 + |60p〉 ↔
−1
0
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FIG. 4. (Color online) Time evolution of 〈ψ(t)|σzi |ψ(t)〉 for
the chain of five atoms. They are shown for the cases (a)
considering only the nearest-neighbour interactions among
the atoms with equal distance Ri,i+1 = 95 µm; (b)with all-
neighbour interactions in the atoms placed at equal distance
with Ri,i+1 = 95 µm; and (c) with the nearest-neighbour
interactions for non- equidistant chain with interatomic dis-
tances R12 = 95 µm, R23 = 38 µm, R34 = 38 µm, R45 =
95 µm, respectively. The black, cyan dash-dotted, magenta
dash-double-dotted, blue solid and purple dotted curves rep-
resent the first (i = 1), second (i = 2), third (i = 3), fourth
(i = 4) and fifth (i = 5) atoms, respectively.
|60p〉 + |60s〉 transition in the migration process. We
have estimated the lifetimes of the |60s〉 and |60p〉 Ry-
dberg states of the Rb atom as about 206 s and 564 s,
respectively, using the fitting formula of the quantum de-
fect theory as [31]
τnl = τl(n− δl)
ǫl . (16)
In this expression, τl, δl and ǫl are the suitable pa-
rameters for the respective states that are taken from
[32]. In our analysis, we restrict evolution of density of
the wave function in the above composite system up to
100 µs. This is sufficiently less than the lifetimes of the
above states. We present the transient behaviour of RET
in two different regimes. We consider only the nearest
neighbouring interactions in the first case whereas in the
second case, we allow all-neighbouring interactions in the
interaction Hamiltonian. This includes all possible pair
interactions among the atoms. We present results below
separately for a chain of atoms with three, four and five
atoms in the lattice.
At the very outset, we analyze evolution of
〈ψ(t)|σzi |ψ(t)〉 for an equidistant chain of three individ-
ually addressable Rydberg atoms with interatomic dis-
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FIG. 5. (Color online) Time evolution of 〈ψ(t)|σzi |ψ(t)〉 for
two atoms with interatomic distance Ri,i+1 = 153 µm. Here,
the black and blue solid curves are for the first (i = 1) and
second (i = 2) atoms, respectively.
tance Ri,i+1 = 95 µm between two consecutive atoms.
At time t = 0µs, it is assumed that the first atom is
in the excited Rydberg state, |60p〉, whereas the second
and third atoms are in the Rydberg state, |60s〉. Once
the first atom is transfered from the |60p〉 state to the
|60s〉 state, a photon is released which excites the second
atom to |60p〉. Subsequently excitation hopping of the
photon takes place between the second and third atoms.
The Fig. 2(a) shows the dynamics for temporal evolution
of 〈ψ(t)|σzi |ψ(t)〉 including only the nearest neighbour in-
teractions in Hint. As can be seen, states of the atoms
oscillate back and forth between −1 and 1 for the first
and third atoms with a fixed frequency over a period of
time. This frequency of oscillation is proportional to the
magnitude of the induced electric field felt by an atom
due to the presence of other atoms in the chain. While for
the atom in the middle, the probability oscillates twice
as fast between −1 and 0. This observation is a clear
indication of the presence of the electric field two times
stronger at the center of the chain as compared to the
electric fields at the extreme ends. When all-neighbour
interactions are allowed through the H12, H23 and H13
terms in Hint, we observe aperiodicity in the evolution
of 〈ψ(t)|σzi |ψ(t)〉 as shown in Fig. 2(b). This irregular-
ity arises due to the competition between the nearest-
neighbour and other next-neighbour interactions. Such
patterns are in accordance with the experimental obser-
vations performed by Barredo et al. [24]. It would be
interesting to investigate roles of these interactions in the
chains with four and five atoms.
Now we extend the system to a four atom equidis-
tant chain, with a distance Ri,i+1 = 95 µm between
two consecutive atoms. Fig. 3(a) corresponds to the
case where only the nearest neighbour interactions are
retained in Hint. One clearly observes from this figure
that the dynamics of the probability of occupation of
a state is aperiodic in contrast to the situation as was
shown in Fig. 2(a). This indicates a competitive inter-
play between the nearest neighbour interactions among
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FIG. 6. (Color online) Time evolution of 〈ψ(t)|σzi |ψ(t)〉 for
the chain of three atoms with interatomic distance Ri,i+1 =
144 µm. Results considering (a) only the nearest neighbour
interactions and (b) all-neighbour interactions are shown.
Here the black solid, cyan dash dotted and blue solid curves
correspond to the first (i = 1), second (i = 2) and third
(i = 3) atoms, respectively.
the atoms. This again shows aperiodicity when all pos-
sible pair interactions among the atoms are introduced
through Hint as shown in Fig. 3(b). However for an al-
ternate arrangement of the atoms in the chain in which
the distance between first and second atom has been
taken equal to the distance between third and forth atom,
R12 = R34 = xo µm(say) and the central atoms are
placed such that R23 = 0.4 × xo µm the distance val-
ues R12 = R34 = 42 µm and R23 = 16.8 µm, the pe-
riodicity is regained (see Fig. 3(c)). Moreover in the
non-equidistant arrangement of the atoms in a chain,
the dynamics of the state at the site i represented by
〈ψ(t)|σzi |ψ(t)〉 oscillates periodically between −1 and 1
for the first and last atoms in the lattice and with very
small amplitudes for the oscillations of states are real-
ized for the atoms placed in between this arrangement as
shown in Fig. 3(c) much like a classical Newton’s cradle.
We have scanned through various value of xo starting
from xo = 95 µm upto a few micrometers and have ob-
served a similar behaviour of excitation exchange.
In continuation with above discussion, we present next
the dynamics of 〈ψ(t)|σzi |ψ(t)〉 in a chain of five atoms.
We show evolution of 〈ψ(t)|σzi |ψ(t)〉 with the nearest
neighbour and all pair interactions in Figs. 4(a) and
4(b), respectively. Then, we analyze these data for a
non-equidistant chain of five atoms including only the
nearest neighbour interactions and show them in 4(c)).
The dynamics of 〈ψ(t)|σzi |ψ(t)〉 are found to be similar
to the case of the four atoms chain.
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FIG. 7. (Color online) Time evolution of 〈ψ(t)|σzi |ψ(t)〉 for
a chain of four atoms with interatomic distance Ri,i+1 =
137 µm. We show results including (a) only the nearest neigh-
bour interactions and (b) all-neighbour interactions. Here the
black solid, cyan dash-dotted, magenta dash-double-dotted
and blue solid curves correspond to the first (i = 1), second
(i = 2), third (i = 3) and fourth (i = 4) atoms respectively.
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FIG. 8. (Color online) Time evolution of 〈ψ(t)|σzi |ψ(t)〉 for the
chain of five atoms withinteratomic distance Ri,i+1 = 132 µm.
We have shown results with (a) only the nearest neighbour in-
teractions and (b) all-neighbour interactions. Here the black
solid, cyan dash-dotted, magenta dash-double-dotted, blue
solid and red dotted curves correspond to the first (i = 1),
second (i = 2), third (i = 3), fourth (i = 4) and fifth (i = 5)
atoms, repectively.
B. Energy transfer channel
Here, we discuss the practical aspects of building up
fast and efficient energy transfer channels using the cas-
cade of atoms in one-dimensional chain. It is obvious
from Eq. (8) that the dominant dipole interactions be-
tween the Rydberg atoms is proportional to 1/R3ij . So,
there must exist a maximum distance beyond which the
dipole interactions are not sufficient enough to enable
propagation of energy. We want to find out an optimum
distance such that excitation exchange between the first
and the last atom in the chain occurs atleast once within
100 µs. We find out the roles played by the nearest-
neighbour and all-neighbour interactions in deciding this
optimum distance and probability with which this excita-
tion exchange of energy can take place. Below we present
the RET within the speculated time limit in the systems
containing two to five atoms in the chain.
In Fig. 5, we show the temporal evolution of
〈ψ(t)|σzi |ψ(t)〉, which is directly related to the probability
of energy transfer. We found that exchange of excitation
between these atoms is possible via the migration process
up to a maximum distance of Ri,i+1 = 153 µm. There-
fore, it looks like RET is not possible between the chosen
Rydberg states of Rb atom beyond this distance.
Next, we model RET along a chain of three atoms. We
show temporal evolution of 〈ψ(t)|σzi |ψ(t)〉 of this system
in Fig. 6(a) by allowing only the nearest interactions. We
found that the maximum distance between the consecu-
tive atoms for which the photon can be transferred atleast
once between the first and third atom is Ri,i+1 = 144 µm.
Further investigation including all-neighbour interactions
reveals that this optimum distance to transport a pho-
ton remains unchanged, but the maximum amplitude of
〈ψ(t)|σzi |ψ(t)〉 reduces about 8% as compared to the case
of a system of three atoms governed only due to the near-
est neighbour interactions as shown in Fig. 6(b).
In Figs. 7(a) and 8(a), we have shown time depen-
dence of 〈ψ(t)|σzi |ψ(t)〉 for the systems with four and
five atoms, respectively. The maximum distance between
two consecutive atoms which allow a photon transfer in
a four atoms chain with the nearest neighbour interac-
tions is Ri,i+1 = 137 µm, whereas it reduces to 132 µ
m for a five atoms chain. The value of Ri,i+1 did not
change for the respective chain with the inclusion of all-
neighbour interactions as shown in Figs. 7(b) and 8(b).
Although, the maximum probability for photon trans-
fer further reduced by 17 % for a four atom chain and
26% for a five atom chain when all possible pairs of in-
teractions were included. This signifies the fact that as
the number of atoms in the chain increases, probabil-
ity of occurrence of RET through the migration process
decreases. From Fig.9, one can find out the maximum
distance RT = (n − 1)Ri,i+1 up to which a photon can
be transferred from one end to the other of an n atoms
chain. It can be estimated from this figure that a photon
can be transferred up to a maximum distance of about
RT = 528 µm in the migration process of a five atoms
chain.
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FIG. 9. (Color online) The estimated maximum distance
RT = (n− 1)Ri,i+1 for which the photon transfer takes place
along the chain of a one-dimensional Rydberg atoms versus
the number of atoms n in the chain.
IV. CONCLUDING REMARKS
We analyse the Rydberg-Rydberg interactions medi-
ated by migration resonances in one-dimensional equidis-
tant as well as non-equidistant chains of two to five Ry-
dberg atoms for their possible applications in building
up the resonant energy transfer channels. We have ex-
plored the fundamental nature of the system dynamics
considering only the nearest neighbour interactions and
then considering all possible pairs of interactions. Our
results on one hand show robustness of the resonant en-
ergy transfer process within a range of parameters and on
the other hand provide information on the limits of the
interatomic distances after which energy exchange is not
possible. Moreover, increase in the strengths of interac-
tions among the atoms due to presence of more number
of atoms affects the probability of the photon transfer.
With the specific choices of parameters corresponding to
the |60s〉 and |60p〉 Rydberg states, we predict a maxi-
mum distance of 528 µm for the energy transfer to occur
along the complete length of a five atoms chain. This is
reasonable in the atomic scale to be realized in a suitable
quantum system. This may open up new perspectives
in the application of resonant energy transfer process in
constructing fast and efficient energy transfer channels.
A non-equidistance chain of four and five Rydberg atoms
provides a system analogous to classical Newton’s cradle
in which the energy from the the first atom tunnels to the
last atom through the channel constituted by the central
atoms that practically do not absorb enegy.
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